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FoundationsFoundations
Performance Metrics, Not Prescriptive!Performance Metrics, Not Prescriptive!
Cycles and Cycles and ““Closing the LoopClosing the Loop””
Cross Cutting and Cross Cutting and ““LeveragedLeveraged””
Watershed Vision and Integrated InfrastructureWatershed Vision and Integrated Infrastructure
““EthicsEthics”” BasedBased

ObstaclesObstacles
Training and Education and SpecializationTraining and Education and Specialization
Minimum Standards and PointsMinimum Standards and Points
Mass Production/Permit EnvironmentMass Production/Permit Environment
Short Course and Certification EmpowermentShort Course and Certification Empowerment
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•Reduce

•Recycle

•Reuse

•Restore

Sustainable Concepts/Pillars

•Tools

•Techniques
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High Rate

Bio-filtrationPilot Projects are the Key!



Rain Garden in an office building project along the  
G.W. Parkway. (Looking East)



Rain GardensRain Gardens



BackgroundBackground

Historical Use of Plant / Soil FiltersHistorical Use of Plant / Soil Filters
Agriculture (1 cow / 1.17ac)Agriculture (1 cow / 1.17ac)
Wastewater Treatment Wastewater Treatment 
Water Supply Water Supply 
BioremediationBioremediation
Phytoremediation  Phytoremediation  
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http://www.the-scientist.library.upenn.edu/yr1999/mar/black_p1_990301.html


Soil Ecosystem FunctionsSoil Ecosystem Functions
Physical / Chemical / BiologicalPhysical / Chemical / Biological

1.1. Hydrology                                                      Hydrology                                                      
storage / evaporation / recharge / detentionstorage / evaporation / recharge / detention

2.  Storing Cycling2.  Storing Cycling Nutrients (bacteria / fungi)        Nutrients (bacteria / fungi)        
phosphorous / nitrogen / carbonphosphorous / nitrogen / carbon

3.  Plant Productivity (vigor)3.  Plant Productivity (vigor)

4.  Water Quality 4.  Water Quality 

filter / buffer / degrade / immobilize           filter / buffer / degrade / immobilize           
detoxify organic and inorganic materials detoxify organic and inorganic materials 

““Most diverse ecosystem in the worldMost diverse ecosystem in the world””



Uplands Pollutant RemovalUplands Pollutant Removal
Plants / Soil Flora Plants / Soil Flora --Fauna / Soil ChemistryFauna / Soil Chemistry

Phytoremediation Phytoremediation 
TranslocateTranslocate
Accumulate Accumulate 
MetabolizeMetabolize
VolatilizeVolatilize
DetoxifyDetoxify
DegradeDegrade

•• ExudatesExudates
BioremediationBioremediation
Soils Soils 

Capture / Immobilize Capture / Immobilize 
PollutantsPollutants



Pollutant Removal MechanismsPollutant Removal Mechanisms

Soil / Physical / Chemical Soil / Physical / Chemical 
SedimentationSedimentation
Filtration Filtration 
Adsorption Adsorption 
Precipitation Precipitation 
Humic / Clays / SiltsHumic / Clays / Silts

•• Electrostatic / Ion Exchange Electrostatic / Ion Exchange 
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Bioretention Temperature Data
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United States Navy YardUnited States Navy Yard



Normal flowNormal flow
into tree boxinto tree box

High flow bypassHigh flow bypass
to conventional inletto conventional inlet

Tree box filterTree box filter
at the Pentagonat the Pentagon

Tree box filter at theTree box filter at the
Washington, DCWashington, DC
Navy YardNavy Yard





The Future of the Urban AmericaThe Future of the Urban America









Burnsville, MN

Appearance = Acceptance





0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.000
0.025
0.050

3AM

29 Sat May 2004

6AM 9AM 12PM

Burnsville Rainwater Garden Retrofit 
Post-Construction Runoff - May 29, 2004

cf
s

in

5/29/2004 2:30:00 AM - 5/29/2004 12:30:00 PM

Control (35106.6 gal) Treatment (992.5 gal) Rainfall (0.70 in)



Cell A

Cell B

Overhead View of the Site



Cell BCell A



UMD Bioretention Hydrograph, July 28UMD Bioretention Hydrograph, July 28--29, 29, 
20032003
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Total Zinc, November 28, Total Zinc, November 28, 
20032003
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http://www.energy2000.ee.doe.gov/



Arthur Capper 
Community LID 
Development 
Guidelines



Increase flow pathsIncrease flow paths

Increase timingIncrease timing

Increase ET/RechargeIncrease ET/Recharge

Green Highways 
Initiative



Advanced Highway BMP







2005 Great American 
Main Street Award™

Winner
Barracks Row

Washington, District 
of Columbia

Environmental Infrastructure 
is Community Development







Rain garden in Rain garden in 
commercial parking lotcommercial parking lot



ResourcesResources
Rooftops to Rivers (NRDC)Rooftops to Rivers (NRDC)
LID for Big Boxes (USEPA)LID for Big Boxes (USEPA)
DOD LID Design Manual (Navy)DOD LID Design Manual (Navy)
Decentralized CSO Phase I and II (WERF)Decentralized CSO Phase I and II (WERF)
PG LID Design Manual (USEPA)PG LID Design Manual (USEPA)
LID for Western Builders (USEPA)LID for Western Builders (USEPA)
NCHRP LID Design Manual (USEPA)NCHRP LID Design Manual (USEPA)
LID Western Transportation (USEPA)LID Western Transportation (USEPA)
Arthur Capper (NFWF)Arthur Capper (NFWF)
BayscapesBayscapes Templates (NFWF)Templates (NFWF)





Building 166 Permeable PavementBuilding 166 Permeable Pavement
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